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ABSTRACT 
We report on XANES and EXAFS measurements of SmNiO3 from 20 K to 
600 K and up to 38 GPa at the Ni K- and Sm L3- edges. A multiple 
component pre- Ni K-edge tail is understood originating from 1s transitions 
to 3d-4p states while a post-edge shoulder increases distinctively smooth, at 
about the insulator to metal phase transition (TIM), due to the reduction of 
electron-phonon interactions as the Ni 3d and O 2p band overlap triggers 
the metallic phase. This effect is concomitant with pressure induced Ni-O-
Ni angle increments toward more symmetric Ni3+ octahedra of the 
rhombohedral R¯3c space group. Room temperature pressure dependent Ni 
white line peak energies have an abrupt ~3.10±0.04 GPa Pa valence 
discontinuity from non-equivalent Ni3+δ + Ni3-δ charge disproportionate net 
unresolved absorber turning at ~TIM into Ni
3+ of the orthorhombic Pbnm 
metal oxide phase. At 20 K the overall white line response, still distinctive 
at TIM ~8.1±0.6 GPa is much smoother due to localization. Octahedral bond 
contraction up to 38 GPa and at 300 K and 20 K show breaks in its 
monotonic increase at the different structural changes. The Sm L3-edge 
does not show distinctive behaviors either at 300 K or 20 K up about 35 
GPa but the perovskite Sm cage, coordinated to eight oxygen atoms, 
undergoes strong uneven bond contractions at intermediate pressures where 
we found coexistence of octahedral and rhombohedral superexchange angle 
distortions. We found that the white line pressure dependent anomaly may 
be used as an accurate alternative for delineating pressure-temperature 
phase diagrams.  
 
 
 
3 
 
 
Pacs number(s):  
X-ray absorption spectra--78.70.Dm 
High-pressure effects in solids and liquids--62.50.-p; Crystallographic 
aspects of phase transformations--61.50.Ks (Pressure treatment--81.40.Vw) 
Metal-insulator transitions and other electronic transitions--71.30.+h;  
Strongly correlated electron systems--71.27.+a 
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INTRODUCTION 
RNiO3 (R=Rare Earth) is a distinctive family of compounds in which a 
sharp temperature-driven insulator to metal phase transition is found at 
TIM.[1] Except LaNiO3, that remains metallic at all temperatures in a 
rhombohedral distortion, the series obtained by Rare Earth replacement has 
an insulating phase in which the Ni eg- O 2p hybridization decreases as 
 TIM increases. Above TIM they crystallize in the GdFeO3-type 
orthorhombic paramagnetic distorted perovskite structure Pbnm.[2]. 
Assignment of the orthorhombic Pbnm space group by long-range X-ray 
diffraction measurements were concomitant with a weak reduction of the 
unit cell volume when passing into the metal phase. The undergoing 
process is a first order phase transition consequence of slight increasing the 
Ni-O bond length and a simultaneous decrease of the Ni-O-Ni angle. The 
latter being the driving force of the transition as it governs the transfer 
integral between Ni eg and O 2p orbitals. In RNiO3 Ni is in a low spin 
electronic state.[3,4,5] 
Neutron and synchrotron diffraction  data  from YNiO3 provided the first 
evidence of changes in the crystal symmetry at the metal-insulator 
transition from high temperature orthorhombic metallic to monoclinic  
insulating due to charge disproportionation  (2Ni3+ → Ni3+δ+Ni3−δ)  at the 
opening of the gap. These correspond to two alternating NiO6 octahedra 
associated with an expanded (Ni1) and a contracted (Ni2)  Ni-O bond and  
a magnetic structure [k=(1/2,0,1/2)] with unequal moments at  independent 
Ni1 and Ni2 sites.[6] 
More subtle local structure measurements showed this extended picture as 
a P21/n monoclinic distortion in the insulating phase of NdNiO3  (Ref. 7). It 
might also be though as a Jahn-Teller like distortion at one of the two non-
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equivalent Ni sites creating charge fluctuations in the metallic phase. 
Conversely, since Ni2+-like ions are not Jahn-Teller active, the expected  
small  polarons appear as consequence of the suppression of the Ni3+-like 
Jahn-Teller distortion and conduction electrons will then move through the 
lattice destroying the quasi-Jahn-Teller distortion at the Ni sites.[8, 9] 
Diffraction measurements from single crystals also showed the presence of 
the monoclinic P21/n phase  in PrNiO3 (Ref.10) alongside X-ray absorption 
near edge (XANES) measurements requiring the monoclinic distortion to 
explain the measured spectra.[11]  Nonetheless, the overall medium and 
long-range structure is quite well reproduced considering only the 
orthorhombic symmetry for a single Ni site. The splitting takes place at the 
local level turning on a weak monoclinic distortion that materializes in the 
short-range scale.[6] 
The complete physical scenario for this family of compounds emerged 
from fluorescence yield X-ray absorption confirming that at the insulating 
lower temperature charge-disproportionate state there is a rare-earth-
dependent splitting of the Ni- K edge. The fluorescent band splitting is five 
times larger for  LuNiO3 [2.5(1) eV] than for PrNiO3 [0.5(3) eV] pointing 
to  decreasing charge transfer between Ni3+δ and Ni3−δ  as the itinerant limit 
is neared. It also supports the persistence of dynamic Ni3+δ/Ni3−δ charge 
fluctuations in the metallic phase.[12]  
Unusually large O16−O18 isotope shifts in the metal-insulator transition 
temperature TIM  indicates that, indeed, the mechanism of the transition in 
RNiO3 involves strong electron-lattice interactions.[13, 14]
 Hopping 
conduction electrons move through the lattice in a similar way as eg small 
polarons in Mn hole doped perovskites.[15] The agreement found between 
the small polaron theory and the experimental optical conductivity of 
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RNiO3 (R=Rare Earth≠ La) confirms electron-phonon interactions as a 
determinant factor of phonons participating in the transport properties of 
these compounds. According to this, the metal-insulator transition at TIM is 
directly related to self-trapped electrons in a polaronic medium.[16. 17] At 
about 100 meV small charge transfer gap appears below TIM.[18]  
In the larger Rare Earth, (Nd or Pr) the sharp change in conductivity at TIM 
coincides with a Ni magnetic moment net antiferromagnetic ordering. 
Smaller size rare earth induces distortions unfolding an ion size dependent 
intermediate paramagnetic phase between the high temperature metallic 
and the truly magnetic ordered. In those last compounds, the temperature of 
the metal-insulator transition is different from the Néel temperature so that 
the magnetic ordering now develops upon cooling in an insulating 
matrix.[20] The temperature of TIM is higher decreasing the Rare Earth ion 
size due to an increment in the topological deviates from the ideal 
perovskite structure.[20] The same non-collinear magnetic structure is 
however shared by all RNiO3 (R= Rare Earth≠ La)). The magnetic ground 
state consists of an unusual antiferromagnetic structure, with k=(1/2,0,1/2) 
relative to the orthorhombic crystal cell.[4, 21] 
It is against this background that earlier pressure dependent transport 
measurements were carried out by Obradors et al[22] and Canfield et al[23] 
Both groups coincide in reporting a negative slope for -dTIM/dp in RNiO3 
(R=Rare Earth≠ La). Medarde et al studied by neutron-diffraction the high 
pressure metallization process in PrNiO3 under moderate pressures[24] and, 
more recently, Lengsdorf et al reported crystallographic work in EuNiO3 
under hydrostatic pressure.[25] The sequence from orthorhombic to 
rhombohedral symmetry has also been observed by angle-resolved x-ray 
diffraction measurements at 11 GPa and 6 GPa in NdNiO3 and PrNiO3, 
respectively.[26] 
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In order to propose a general model, we look at SmNiO3 which is an 
intermediate nickelate sharing all the above properties.[2] SmNiO3 
undergoes a metal-insulator phase transition at ambient pressure at 
TIM=400K (Ref. 27) and the Néel insulating phase stabilizes below 
TN=225K (Ref. 15) . 
The primary consequence of applying quasihydrostatic pressure to a 
compound, as in our case a perovskite, is the reduction of interatomic 
distances, the progressive bond shortening, and the modification of 
superexchange M-O-M angles. Continuous pressure change as 
thermodynamic external dynamical variable is a unique tool for probing the 
relationship between structural sublattice distortions and electronic 
properties. It triggers increments in band hybridization and the eventual 
emerging of a metallic state by valence and conduction band superposition.  
Structural changes in the lattice parameter have been observed in SmNiO3 
under pressure at room temperature by means of angle-resolved X-ray 
difffraction. At around 2.5 GPa the unit-cell parameters are reported to 
undergo a small abrupt contraction that it is the onset of the pressure-
induced metallization earlier found by infrared spectroscopy at ~1.9 
GPa.[29] This is a consequence of the increase of the superexchange angle 
Ni-O-Ni from 153.4◦at ambient pressure to more than 156◦ at 3 GPa. A 
further increase of the applied pressure triggers a region of orthorhombic-
rombohedral phase coexistence that then leads to the less distorted metallic 
rhombohedral (R¯3c) phase shared with LaNiO3 (Ref. 29). Pressure 
induced increments in the Ni-O-Ni angle with simultaneous diminution of 
the Ni-O distances, given the negative slope -dTMI/dp in RNiO3 (R=Rare 
Earth≠ La),  eventually closes the insulating gap.[22,23] As it was also 
found recently in YNiO3 , these  changes represent the interplay of the band 
width W, the charge energy transfer Δ, and the Coulomb repulsion energy 
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U by which an increment in W and thus W/U, (the onsite U Coulomb 
energy is not expected to change significantly because it depends on more 
localized 3d orbitals) yields a reduction of the temperature at which 
insulator metal transition takes place.[32] 
Here we report on temperature and pressure induced dependences in X-ray  
absorption (XAS) at the Ni K- and Sm L3- edge of SmNiO3. The Ni K- 
edge results from 20 K to 600 K at ambient pressure are used to develop 
models for the analysis of the pressure dependent counterpart. Pressure 
dependence X-ray absorption of SmNiO3 up to 38 GPa and at 300 K and 20 
K was used to explore XANES (X-ray absorption near edge structure) 
profiles below and above the metal-insulator and the lower temperature 
antiferromagnetic phase transition. We found that upon applying pressure 
the change of the Ni K-edge white line peak energies are a good indicator 
of the Ni3+ metallic phase onset suggesting a handy tool to map pressure-
temperature phase diagrams in disproportionated compounds. At 20 K, 
high-pressure dependent measurements show a rather smooth evolution of 
the Ni white line peak energy suggesting dynamical carrier localization in 
the paramagnetic phase before the onset of the insulator to metal transition 
at ~8.1±0.6 GPa. 
The octahedral contraction, mirroring the increment in energy of the white 
line has been also quantitatively studied at 300 K and 20 K from fits to the 
pseudo distribution function of EXAFS data. The pressure induced relative 
changes in the Ni-O bonds yields slope changes whose onset is related to 
pressures at which the system undergoes structural modifications. These 
take place at TIM (~3.10±0.04 GPa  at 300 K and ~8.1±0.6 GPa at 20 K); at 
the intermediate phase where the superexchange angle shares both 
orthorhombic and rhombohedral incremental distortions, and in the mostly 
rhombohedral environment at the highest pressures reached in our 
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experiments. Overall, our measurements bring up one more time the role of 
octahedral tilting and p-d hybridization in correlated oxides.  
We also performed detailed temperature and pressure dependent 
measurements at the Sm L3-edge. We found that these spectra do not have 
distinctive band profile changes, either at 300 K or 20 K, and up about 35 
GPa, confirming the absence of a major role for the Rare Earth beyond the 
lattice distortion introduced by ion size underlying the metal to insulator 
mechanism. On the other hand, our probe gives evidence of strong 
distortions in the Sm cage at the same pressures where we detected mixed 
superexchange angles sharing either orthorhombic or rhombohedral 
topologies.[26] 
 
SAMPLE PREPARATION AND EXPERIMENTAL DETAILS 
Powder SmNiO3 was prepared by a liquid-mixture technique. A 
stoichiometric mixture of metal nitrates was solved in citric acid and the 
citrate solution was then slowly decomposed at temperatures up to 600 °C. 
This black precursor was heated at 1000 °C under a 200 bars oxygen 
atmosphere for 12 h and cooled at room temperature, giving a 
polycrystalline powder. The sample was then characterized by x-ray and 
neutron powder diffraction, thermogravimetric analysis, differential 
scanning calorimetry, and resistivity measurements.[33]  
Transmission-mode x-ray absorption measurements were done at the 
D04B-XAFS1 beamline in the Brazilian Laboratory for Synchrotron Light 
(Laboratorio Nacional de Luz Sincrotron-LNLS).[32] Channel-cut Si 
monochromators 220  and 111 reflections were utilized around Ni K-edge 
(~8345 eV) and Sm L3-edge (~6716.2 eV). Low temperature measurements 
in the 20 K to 300 K interval were made using SmNiO3 films deposited on 
a silicon nitride Si3N4 membrane mounted in the cold finger of a closed 
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cycle He refrigerator. For the high temperature runs, between 300 K and 
600 K, samples were prepared by mixing powder of SmNiO3 with boron 
nitride and pressing the mixture into a pellet. Different pellets were 
prepared with amounts of SmNiO3 and BN optimizing absorption edges 
jump. The samples were placed inside a home-made furnace where the 
temperature was varied. 
High-pressure measurements in a quasi-hydrostatic environment were done 
at the dispersive beamline D06A-DXAS of the LNLS. Its Si(111) bent 
monochromator allows very high energy stability focusing into a 150 µ 
Gaussian spot at the sample position.[33] The reference flux, I0, was 
measured with a flat piece of plastic in order to simulate the average 
attenuation. X-ray absorption were measured at 300 K and 20 K 
accumulating runs in the 100-200 range with the cell mounted on the cold 
finger of a He closed cycle refrigerator.  
We have also reproduced some of our results at room temperature with the 
pressure cell mounted on a goniometer because close Ni-O bond lengths 
differences appear as static disorder due to the limited EXAFS k range 
reducing the resolution in the R space Fourier analysis.[34]  
All measurements have been done in the transmission mode. We calibrated 
our spectra of SmNiO3 using as standards a metal Fe sheet for Sm and a 
metal Ni sheet for Ni. This means that for the spectrometer resolution in 
our experimental configuration the precision of the pressure calibration was 
~0.2 GPa.  
The pressure cell was loaded with silicone oil embedded with SmNiO3 5µ 
grain powder using 250µm thick stainless steel gaskets pre-indented to 
approximately 60µm thick. That mixture was used for filling the gasket 
hole located between the two diamond anvils of a He gas driven membrane 
cell. To reduce the diamond absorption, thus also allowing the 
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measurement of the Rare Earth L3 edge, we used perforated anvils with 
350μm cullet size. Pressure was calibrated in situ from temperature 
corrected band frequency shifts of the ruby laser excited R1 and R2 
fluorescence lines.[35, 36, 37] 
We found that at room temperature the use of silicone oil as transmitting 
medium yielded a good quasi-hydrostatic environment up to about 10 GPa 
while at higher pressures the fluorescence lines bandwidth increased 
echoing non hydrostatic departures.[38] Error bars where then estimated 
±0.5 GPa for those points below 10 GPa while at higher pressures, it 
increased up to about ± 1.0 GPa  consequent with the extra broadening. 
Nonetheless, as may be seen below, since XAS probes an effective average 
contribution from all micro-grains, this makes our set up not too dependent 
of the actual environment created by the pressure transmitting medium; this 
makes consistent measurements up to ~38 GPa.[30] possible. 
All XAS data were analyzed using the Atoms-Athena-Artemis software 
package.[39] 
 
RESULTS AND DISCUSSION 
 
i) Temperature dependence of the Ni K-edge in SmNiO3 at ambient 
pressure. 
Figure 1 shows the temperature dependence of the Ni K-edge XAS spectra 
from 20 K to 600 K result of three scans recorded and averaged to improve 
the signal to noise ratio at every shown temperature. They were normalized 
using standard procedures.[39]  As it has been reported for other members 
of the RNiO3 (R≠ La) family[11] there are three main XANES features to 
follow as the material goes through the lower temperature 
antiferromagnetic ordering at TNéel,, to the intermediate paramagnetic state, 
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and into the insulator- metal transition at TIM ~400 K. They are usually 
named A, B, C; A stands for any pre-edge tail-like feature that in our case, 
Fig. 2 (A), has multiple components.  
We adopted a Weibull profile for fitting of the white line B because its 
slight asymmetry is better reproduced by the sigmoidal extra “c”  fitting 
parameter improving the deconvolution of pre-edge features. Similar earlier 
less resolved weaker features were assigned in PrNiO3 to mainly dipolar 
transitions between metal 1s states and hybridized metal 3d-O2p bands [11, 
40]. In our case, the slope change in the while line shape at ~8344 eV (Fig. 
2 (A)) suggests two components, A1 and A2 that fitted with two Lorenztians, 
are reminiscent to the two bands discussed for NiO in the same energy 
range. Within this framework, the pre-edge A1 (Fig. 2 (A), inset (a)) is 
assigned to Ni transitions from 1s state to empty 3d (Δl= ±1) likely mixed 
with 4p levels result of p-d hybrization with nearest neighbor oxygen.[41] 
Pre-edge A2 is understood coming from non-local dipole-like excitations 
due to transitions to d sates of neighboring Ni ions promoted by 
hybridization with the transition metal absorbing p states. That is, they 
involve higher coordination shells in the Ni-O-Ni interactions.[40]  
We find, however, what might be interpreted as a quite the opposite 
behavior. Beyond a faint temperature dependence suggested in Fig. 2(A) 
inset (b), pre-edges do not seem to experience profile changes either by 
charge disproportion in the two Ni nonequivalent sites[6] nor by  freer 
carriers above 400 K.  It is known that strong hybridization among the 
Ni3d:eg and O2p:s bands leads to the partial screening distortion by holes  
transferred from the 3d to the 2p orbital , and remarkable, these are the 
same end states claimed as origin of the pre-edge structure. The octahedron 
off-center displacement and stretching decreases the local symmetry (non-
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centrosymmetric) allowing the degree of p-d mixing raising the pre-edge 
XANES peaks.[34,42,43]   
We then conclude that the origin of those features might be in a localized 
electron phase co-existing in the metallic matrix above TIM where the 
conduction electrons role would be preventing the charge-order state. That 
is, split sites remaining fluctuating associated with local distortion of NiO6 
octahedra.[34, 44] 
In sharp contrast with the lack of response to the onset of the metallic phase 
by pre-edge features, post-edge shoulder C (Fig.2 (B)) at ~ 8358 eV grows 
up increasing temperature. It originates from multiple scattering 
contributions by local octahedral NiO6 changes in the Rare Earth perovskite 
cage representing freer carriers under reduced electron-phonon interactions. 
The onset of the passage to metallic phase in SmNiO3 may associated with 
far infrared reflectivity where vibrational modes become distinctively 
screened as a consequence of a non-negligible reduction in the coupling of 
electronic degrees of freedom to local lattice distortions.[16,17] 
A shoulder C sharp change passing from insulator to metal regime has been 
already observed in PrNiO3 (Ref.11) and in NdNiO3 (Ref.45). These two 
compounds lack of the intermediate paramagnetic phase. Shoulder C in 
SmNiO3 (Fig. 2 (B)) does not change as abruptly when going from the 
insulating monoclinic distorted phase to the conducting orthorhombic: 
Rather, the absorption gradually increases starting about 300 K in the 
intermediate paramagnetic phase (Fig. 2 (B), inset) in presence of  Ni3+δ and 
expanded Ni3−δ sites recalling Ni3+δ/Ni3−δ charge fluctuations[31] as a 
source of gradual change incrementing the conductivity.  
We then conclude that the change in the absorption cross section at the 
post-edge responds to contributions from charge disproportion dynamics 
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and local environment inhomogeneities at both sides of TIM that can be used 
as a quantitative determination of the passage to the metal oxide phase.[30] 
In turn, the origin of the intermediate paramagnetic phase might be though 
as being induced by inhomogeneous lattice distortions due to larger charge 
disproportions. It is known that for PrNiO3, N1 and N2 valences are very 
close to trivalent Ni3+ while SmNiO3 is already in an intermediate stage 
with finite δ closer to a tetravalent/divalent Ni4+-Ni2+ valence picture 
reported in smaller Rare Earths as for LuNiO3.(Ref.12) This sets apart 
nickelates in which TIM coincides with TNéel (PrNiO3, NdNiO3) from those 
(RNiO3, R≠ La, Pr, Nd) that have TIM >TNéel at well differentiated 
temperatures.  
Our temperature dependent EXAFS (extended X-ray absorption fine 
structure) spectra (Fig. 1) have similar features as earlier runs for other  
Rare Earth nickelates.[34] In particular, the Fourier transform amplitude in 
the magnetic ordered, paramagnetic, and metallic phases shows a 
distinctive asymmetry in the band profile of the pseudoradial distribution 
function of the Ni first neighbors oxygen coordination shell.[34] This 
asymmetric deviation tend to disappear in the metallic phase suggesting a 
reduction in the Ni splitting. i.e.; turning into a unique single Ni3+ 
environment signaling the passage from P21/n space group to orthorhombic 
Pbnm. Then, a first shell may be modeled introducing explicitly an apical 
(two equal O-Ni nearest neighbor distances) and a basal plane (four equal 
Ni-O bonds) and then fitted to the experimental temperature dependent 
radial pseudo radial distribution. We found that the calculated temperature 
dependent of bond lengths (Fig. 1, inset) are in very good agreement with 
earlier crystallographic data. They have an smooth behavior in the 
insulating phase increasing at higher temperatures in the metallic phase.[19 
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,46] These bonds were then used in the following sections as atmospheric 
pressure reference in our analysis of the high pressure data.  
 It is also worth mentioning that we also found a slight change at about TN 
~225 K showing, in agreement with transport measurements by Zhou et 
al.[46] a weak lattice interaction (spin-phonon) at the temperature where 
the Ni moments align.  
Nonetheless as was already commented above a limiting factor when 
performing high pressure absorption measurements is the reduction of the 
measuring k-range consequence of the pressure cell mounted at the 
beamline focal point. The measured spectra are comparable to long-range 
X-ray diffractograms yielding “average” results for octahedral bond lengths 
as if the lattice were labelled by orthorhombic Pbnm ignoring departures 
from the ideal Ni3+ valence.  
 
ii) Temperature dependence of the Sm L3 –edge in SmNiO3 at ambient 
pressure. 
In Fig. 3 we show our temperature dependent XAS spectra at the L3 Sm 
edge of SmNiO3. The sharpness of the white line, typical of Sm(III),  
corresponds to the 2p → 5d transition in Sm3+.The temperature dependence  
does not show abrupt changes that may be directly associated with phase 
transitions in SmNiO3 but rather the complete range of our study is 
dominated by the macroscopic lattice distortion triggered by Sm reducing 
the ideal cubic perovskite topology. The lattice structure becomes unstable 
due to the ion size coercing distorted NiO6 octahedra into tilt and rotation 
to fit the otherwise empty cubic space. We do  however  note,  that in that 
process there is also  a small change in the relative intensity of the white 
line (Fig. 3, inset a)  suggesting that the number of  unoccupied states in a 
5d-band are reduced in passing to the orthorhombic metallic phase. 
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Regardless, our main purpose in doing these measurements is to provide a 
more quantitative view of the dodecahedral Sm first nearest neighbors 
scattering paths for building a realistic model to analyze the absorption 
spectra under pressure. In this order after an EFFF9 analysis[39] we found 
five Sm-O scattering paths between 1 Å   and 3 Å   globally considered as 
subshells of a first shell in the R space of the Sm pseudoradial distribution 
function yielding a set of five bonds (Fig. 3, inset b) in agreement with the 
published crystallographic data.[47]  
 
iii) High pressure  dependence of the Ni K-edge in SmNiO3  at 300 K  
Fig. 4 (A) shows the X-ray absorption XAS spectra at the Ni K-edge in 
SmNiO3 at 300 K as function of pressure. Every feature is altered even 
under the lowest applied pressures. A remarkable behavior is observed at 
the post-edge C shoulder (Fig. 4 (B)) where one is able to distinguish the 
300 K pressure induced passage from the insulator to the metal state 
starting in the intermediate paramagnetic phase into a phase distortion in 
which carriers are freer. Increasing the pressure further, the absorption 
increases smoothly reaching metallic rhombohedral symmetry in which 
carriers experience weaker electron-phonon interactions in a metal oxide 
environment (Fig. 4 (B), inset). 
Pre-edge A bands at 300 K, Fig, 5, seem to develop, within their weakness, 
sharper profiles upon applying pressure relative increasing their intensity 
and half width at half maximum.[49]  
On the other hand, the evolution in the lattice distortion may be traced by 
following the energy peaking of the white line. It is known that absorption 
edges are highly sensitive to the absorber oxidation state. It is also known 
that one may expect an increase in the peak energy due to octahedral 
contraction. Higher oxidation-states require more energetic X-ray to excite 
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the core electron due to less-shielded nucleus carrying a higher effective 
charge.[30] It implies shorter bond lengths prompting edge energies 
increments.  
Then, exploiting both facts, we may understand the abrupt change in white 
line peak position, shown in Fig. 6 (A), as the pressure driven passage from 
two unresolved  Ni3+δ and Ni3−δ, and non-equivalent absorbers,  at 
~3.10±0.04 GPa  to an effective Ni3+ oxidation state of the metallic phase. 
There is a small change in the unit cell volume due to the Ni-O bond 
decrease induced by electronic delocalization at TIM (Ref. 15).  
Fourier transform the EXAFS spectra, still at ambient temperature, gives 
another quantitative view. This is shown in Fig. 6 (B) as pseudoradial 
distribution functions (no phase shift correction) of the pressure 
dependence of Ni-O first shell. As it was already anticipated dealing with 
the temperature dependent case, in the high-pressure counterpart the first 
Ni shell (Fig. 6 (B)) involving Ni-O oxygen bonds does not show structure 
due to the limitation in k space. The restricted EXAFS k-range 
characterizes a low-resolution study in R-space. The Ni-O bond lengths are 
not distinguishable and bond length differences within the two Ni sites 
appears as a static disorder contribution to the total bond length dispersion. 
We then fitted the pseudo radial distribution function with the model found 
in the temperature dependent counterpart considering apical (two nearest 
neighbors) and basal (four equal Ni-O bonds), now, with correlated 
distances. Intuitively, short bonds should be less reduced than longer ones  
by the application of an external pressure.[49] Accordingly, the parameters 
changing in the fits common to both sets are the edge energy shift Eo, bond 
length R, and the Debye-Waller factor σ**2. 
The octahedral bond contraction, Fig. 6 (C), shows structural modification 
at slope changes breaking its monotonic pressure dependence.  
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This allows to link the anomaly at TIM, Fig 6(A) to structural changes 
across the metal-insulator transition. The pseudo radial distribution 
analysis, Fig 6(C) shows the abrupt change at TIM in Fig. 6(A) as a steep 
drop reflecting a rather strong bond contraction below 3 GPa. The 
inhomogeneous charge distribution at TIM was identified in RNiO3  (R= Ho, 
Y, Er, Lu) by the symmetry breaking of the oxygen positions implying 
simultaneous strong octahedral distortions.[50] This crystallographic 
measurements showed that the charge disproportion completely vanishes at 
the insulator to metal transition with an abrupt convergence of the two 
disproportionated sets,Ni1 and Ni2 [5, 12]. The three-bond lengths 
corresponding to the monoclinic distortion in the insulating phase changing 
to a unique three Ni-O distances of the orthorhombic metallic [50]. 
Further increasing pressure induces a region of coexistence of 
orthorhombic to rhombohedral distortion that coincident with diffraction 
measurements[26] suggests a more or less deformed lattice evolving 
toward a more symmetric topology through variations and coexistence of 
the superexchange angle.  
Higher pressure triggers another break at above ~30 GPa indicative of 
entering a mostly rhombohedral R-3c region. The angular lattice crossover 
goes from the 152° orthorhombic to the 165° rhombohedral onset of the 
lattice symmetry shared with atmospheric pressure metallic LaNiO3 (Ref 
29). 
 
iv) High pressure  dependence of the Ni K-edge in SmNiO3  at 20 K  
We recognize at 20 K, Fig. 7(A), the same sequence of pressure induced 
changes in the Ni-O bond contraction. Several indicators suggest, however, 
a more static and localized condition for carriers.  
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Fig. 5 shows pre-edge features having longer energy span at 20 K. 
Although noisier, for a better fit it is necessary to consider a possible A1 
split into two lorenztians assigned to eg and t2g states. The second band, A2, 
remains within the relative increased parameters found for the 300 K runs. 
The post-edge C, Fig. 7 (B), on the other hand, clearly denotes the onset 
and gradual change toward the more conducting environment with traces 
marking the passage through the already known intermediate steps of the 
different structural rearrangements in metallic phases. 
The most remarkable effect in this series at low temperature is, however, 
due to localization and the environment created by the Ni3+δ and Ni3−δ 
monoclinic distortion in conjunction with the unresolved Ni edge. The 
temperature dependent localization that, on cooling at atmospheric 
pressure, drives the insulator to metal transition[16] is enhanced by the 
application of external pressure. This increases carrier correlation and thus 
Coulomb interaction that by hybridization governs interatomic distances as 
the volume decreases. We know that in RNiO3 (R=Rare Earth≠La) the 
small change in volume at TIM implies a first order transition in which 
metallization takes places due to the electron correlation and structural 
distortion. [2] This results in a kind of end product reordering of the bands 
according to the U/W<1 ratio (W being the factor susceptible to pressure 
and temperature changes). 
At 20 K, the white line peak energies are found to show a much smooth 
evolution toward the point in which unresolved absorbers Ni3+δ and Ni3−δ 
change its weigh in favor of the N3+ oxidation state. We individualize this 
point as a change in the slope, onset a white line peak energy small increase 
toward higher symmetry Ni3+ octahedra (Fig. 8 (A)). The slope change in 
Fig. 8(A) and Fig.8(C) signals the passage to the conducting phase at 
~8.1±0.6 GPa.  
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That is, these measurements yield a low temperature scenario in which a 
pressure driven disproportionated insulating state undergoes a more 
continuous W pressure induced band broadening. This then may be though 
as if the first order character of the TIM transition turn into a mix behavior 
adding a lattice displacive constituent commonly found in almost all order-
disorder phase transitions in innumerable simple distorted perovskite 
oxides. The mixed character causes a more continuous second-order-like 
evolution of the distortion of Ni-O bonds. Pressure induced structural 
changes are concomitant with electronic localization mimicking the known 
rare ion size induced lattice distortion. The emerging of the conducting 
phase with higher symmetry Ni3+ cations in a single octahedral scenario 
above 30 GPa would be associated to this The gradually straightening of 
the NiO6 octahedra governs the 3d-2p overlap.  
Then, our new three points in the phase diagram, Fig. 10, are in essence 
consequence of the Mott-like transition. [51] Localizing carriers lowers the 
energy of the system opening a gap. This can be upset by applying pressure 
broadening the states, reducing ion bond distance, and thus increasing 
hybridization. In RNiO3 (R=Rare Earth≠La), the  nature of TIM transition is 
the  result of the combined effect of the Mott band approach and bond 
disproportion associated with disproportionated sites.[52]  
The 20 K behavior of the low temperature white line peak and the stronger 
anomaly at 300 K may then be seen as an alternative for mapping the 
pressure phase diagram of SmNiO3. Consequent to an unresolved absorber 
and octahedral contraction it converges into P–T points identified as those 
at which the insulator to metal transition phase transition takes place. 
It is also worth noting that our ~8.1±0.6 GPa for TIM at 20 K suggests a 
phase diagram for SmNiO3 closer and common to the known from 
resistance measurements earlier reported by Obrador et al[22]  and  
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Canfield et al[23] for NdNiO3 and PrNiO3 . It suggests a behavior shared by 
all members of this family of compounds. Our results ought to be viewed 
as a refinement of 6.2 GPa deduced from resistance measurements 
identifying the pressure critical point. The apparent difference is likely 
originated in an underestimation of the applied pressure combined with the 
small pressure induced differences in an already broad low temperature 
resistance curve (fig 4.22 in Ref. 9). Our white line peak energy evolution 
reflects an environment gradually incrementing at 20 K the number of more 
symmetric octahedra accompanying the transition from insulator to higher 
conductivity surroundings as the overlap of O 2p and Ni 3d bands 
increases.  
We also follow octahedral shrinking by the analysis of the pseudoradial 
distribution at 20 K (Fig. 8 (B)). The change of bond lengths up to ~8.1±0.6 
GPa where the insulator to metal transition takes place, is in agreement 
with the precedent discussion. It is the same situation with LaMnO3 [49] 
where the weak slope of the initial points amounts to a reduction of 
octahedral tilting and a systematic decrease of the charge  disproportionate 
as a consequence of the compound effect of pressure and temperature 
driven localization. This trend abruptly changes at the temperature of the 
insulator-metal transition  where the increase in the effective O2P bandwidth 
(W) closes the charge transfer gap.[22, 23, 49] Increasing pressure signals a 
net majority of undistorted octahedra in a fashion similar to findings in 
under pressure LaMnO3 (Ref. 49) leading the system into a multiphase 
region. In this region, Fig. 8(C), sublattice distortions are found sustaining 
superexchange angles ranging from orthorhombic to rhombohedral.[26] 
This last space group starts prevailing at about 27 GPa where there is an 
enhanced symmetrization. Another break in the slope at about 31 GPa 
22 
 
yields the gradual onset of a region with a rhombohedral primary pattern 
compatible with the R-3c space group.  
 
v) High pressure  dependence of the Sm  L3-edge in SmNiO3  at 300 K 
and 20 K 
In previous sections iii) and iv) we discussed structural changes taken place 
in the first oxygen coordination shells at the Ni-edge. Fig 6(B) and Fig 8(B) 
also reveal that in the pseudo radial distribution functions at higher R there 
are strong changes in shells at distances beyond nearest neighbor oxygen. It 
involves Rare-Earth ions that either at 300 K or 20 K denote radial 
distribution oscillations at intermediate pressures becoming damped in the 
rhombohedral phase. It suggests strong pressure induced distortions for the 
dodecahedral Sm cage.  
This motivate us the study of the L3 Sm edge under pressure. As it was 
stated in ii), we established from temperature dependent XAS absorption 
five different scattering paths accounting for Sm-O bond distances. They 
are convoluted in an asymmetric first shell envelope. Considering these 
five paths simultaneously allows, unlike the average weighted single bond 
model used in Ni-O analysis, choices for correlations of different Sm-O 
bond lengths that correlate independently from each other. At 20 K, from 
the possible combinations, meaning sharing Eo, R. and σ**2 ,the 
association of scattering paths 1 and 5 (Fig. 3, inset (b)) against the other 
three yields good fits in the lower pressure range below 9 GPa. This 
“orthorhombic” model generates steep changes in bond length contractions 
Δr1 and Δr2 (crosses and dots in Fig. 9 (B)). 
A different combination set involving scattering paths 1 and 4 as the two 
main begins to prevail at about ~27 GPa where it is found Δr1 and Δr2 
converging toward closer values suggesting a tendency toward smaller 
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distortions. More remarkable, the two contracting parameters merge above 
30 GPa into only one reflecting, within the experimental error, the higher 
symmetric environment imposed by the high-pressure induced 
rhombohedral phase. At intermediate pressures good R fits result in rather 
chaotic differences for both independent bond lengths. Seen as uncorrelated 
random variations of contraction parameters (shadowed section in Fig 9 
(B)) is in agreement with the conclusions discussed in section iii) and iv)  
using Ni as absorber, where it was found coexisting a range of different 
superexchange angles.[26] 
Conclusions 
Summarizing, we discussed temperature dependent X-ray absorption 
measurements of SmNiO3 in the antiferromagnetic, paramagnetic, and 
metallic phases between 20 and 600 K at the K-Ni and L3-Sm edges. These 
spectra, in agreement with earlier XAS measurements for other RNiO3 
(R=Rare earth), allowed to select main scattering paths, and thus the model, 
used in the high-pressure analysis. We commented on the pre-edge band 
origin, and point to post-edge absorption increments as a useful tool for 
determining the transition to the metallic phase concomitant to the 
reduction of electron-phonon interactions.  
Pressure dependent room temperature Ni white line peak energies have an 
abrupt valence discontinuity at TMI ~3.10±0.04 GPa from non-equivalent 
Ni3+δ + Ni3-δ charge-disproportionated ions, considered as a net unresolved 
absorber, turning into Ni3+ in the orthorhombically distorted, Pbnm metal 
perovskite oxide phase. This finding is consistent with room temperature 
strong anisotropic changes taking place in the Ni-O bond along with 
electronic delocalization above TIM earlier found for small Rare-Earth 
nickelates.[50] At 20 K, we found a much smoother behavior due to 
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localization with the insulator to metal transition shifting up to TIM 
~8.1±0.6 GPa. 
Applied pressures induce Ni-O-Ni angle increments toward more 
symmetric Ni3+ octahedra in the rhombohedral R¯3c space group which is 
shared with room temperature metallic LaNiO3. Octahedral bond 
contraction up to 38 GPa and at 300 K and 20 K show breaks in its 
monotonic increase at the different structural changes.  
The X- ray absorption at Sm L3-edge does not show distinctive features 
either at 300 K or 20 K up about 35 GPa but the perovskite Sm cage 
dodecahedral coordinated undergoes critical distortions at intermediate 
pressures where we found coexistence of distorted octahedra and 
rhombohedral superexchange angles. 
Our findings suggest that the white line pressure dependent anomaly may 
be used as a sound alternative tool for delineating pressure-temperature 
phase diagrams. In addition, the new points together with the available data 
from the current literature, as shown in figure 10, suggest a commonality 
which is applicable to all P–T phase diagrams in the RNiO3 (R= rare 
earth≠ La) family of compounds. 
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53. FIGURE CAPTIONS 
 
Figure 1. (color online) Normalized absorption spectra at the Nickel K-
edge as a function of temperature at ambient pressure. For better view the 
spectra have been displaced vertically. Features named after, A: pre-edge; 
B: while line, and C: post-edge shoulder, are discussed in the text. Inset: 
temperature dependence of Ni-O bond distances from pseudo distribution 
function fits  
 
Figure 2. (color online) (A) Normalized Nickel K pre-edge XANES at 20 
K; squares: data; full lines: fit. Inset (a): pre-edge bands at 20 K 
antiferromagnetic, paramagnetic 300 K, and metallic 600 K phase 
respectively. Inset (b): A1 peak position from first derivative suggesting 
faint softening in the metallic phase. (B) Nickel K post-edge spectra from 
20 K to 600 K. Inset: enhanced spectra showing the compound response at 
20 K ((antiferromagnetic), above ~230 K (paramagnetic insulator), and 
above TMI ~400 K in the metal oxide phase up to 600 K.  
 
Figure 3. (color online) Normalized absorption spectra at the Sm L3-edge 
as a function of temperature at ambient pressure. For better viewing, the 
spectra have been displaced vertically. Inset (a): XANES detail at 20 K 
(antiferromagnetic insulator), 300 K (paramagnetic insulator), and 600 K 
(metal oxide). Inset (b): Calculated bond distances from Sm-O scattering 
path fits  
 
 Figure 4.(A) (color online)  Normalized absorption spectra at the Nickel 
K-edge as a function of pressure at 300 K (dashed lines are guides for the 
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eye).(B):Nickel K post-edge spectra up to 38 GPa and at 300 K. Inset: 
Enhanced spectra showing the compound passage into the metallic phase.  
 
Figure 5. (color online) Pressure dependent of normalized Nickel K pre-
edge XANES at selected pressures. Left column: 300 K; right column:  20 
K.   
 
Figure 6(color online).(A) White line Ni-K edge pressure dependent peak 
energy at 300 K (B) k2 weighed absolute value of  pressure dependent 
Fourier transform EXAFS oscillations at 300 K, (C) Pressure dependence 
of the average Ni-O bond length contraction from the EXAFS fits at 300 K; 
full line is guide for the eye.   
 
Figure 7. (color online) (A) Normalized absorption spectra at the Nickel 
K-edge as a function of pressure at 20 K (dashed lines are guides for the 
eye) (B) Nickel K post-edge spectra up to 38 GPa and at 20 K. Inset: 
Enhanced spectra showing the compound passage into the metallic phase.  
 
Figure 8. (color online) (A) White line Ni-K edge pressure dependent peak 
energy at 20 K, (B) k2 weighed absolute value of  pressure dependent 
Fourier transform EXAFS oscillations at 20 K, (C) Pressure dependence of 
the average Ni-O bond length contraction from the EXAFS fits  at 20 K; 
full line is guide for the eye.   
 
Figure 9. (color online) (A) Normalized absorption spectra at the Sm L3-
edge as a function of pressure at 20 K. For better viewing spectra have been 
displaced vertically. .(B) k2 weighed absolute value of  pressure dependent 
Fourier transform EXAFS oscillations at 20 K, (C) Pressure dependence of 
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Δr1 and Δr2 (crosses and dots) average Sm-O bond contractions from the 
EXAFS fits at 20 K. 
 
 Figure 10. (color online)  P-T phase diagram for PrNiO3 (empty diamonds: 
Ref, 23; empty triangles: Ref. 22), NdNiO3 (full diamonds: Ref. 23; full 
triangles: Ref. 22 and SmNiO3 (dots: Ref. 9, triangle: Ref. 28, squares: this 
work). Full line is a cubic polynomial fit intended as a guide for the eye.  
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